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We evaluate the top-quark FCNC productions induced by the topcolor assisted technicolor (TC2)
model at the LHC. These productions proceed respectively through the parton-level processes
gg → tc¯, cg → t, cg → tg, cg → tZ and cg → tγ. We show the dependence of the production
rates on the relevant TC2 parameters and compare the results with the predictions in the minimal
supersymmetric model. We find that for each channel the TC2 model predicts a much larger pro-
duction rate than the supersymmetric model. All these rare productions in the TC2 model can be
enhanced above the 3σ sensitivity of the LHC. Since in the minimal supersymmetric model only
cg → t is slightly larger than the corresponding LHC sensitivity, the observation of these processes
will favor the TC2 model over the supersymmetric model. In case of unobservation, the LHC can
set meaningful constraints on the TC2 parameters.
PACS numbers: 14.65.Ha, 12.60.Fr, 12.60.Jv
Introduction: It is well known that flavor-changing
neutral-current (FCNC) processes have been a crucial
test of the Standard Model (SM) and a good probe for
new physics beyond the SM. As the heaviest fermion in
the SM, the top quark may play a special role in such
FCNC phenomenology. In the SM the top quark FCNC
interactions are extremely suppressed [1] and impossible
to be detected in current and foreseeable colliders. In
contrast to the SM, the new physics models often predict
much larger FCNC top quark interactions [2]. Such large
FCNC top quark interactions are so far allowed by cur-
rent experiments since the Tevatron collider only gave
some rather loose bounds on the FCNC top quark de-
cays due to the small statistics [3]. The future colliders
like the LHC will allow a precision test for the top quark
properties including the FCNC interactions [4].
Once the measurement of the FCNC top quark pro-
cesses is performed at the LHC, some new physics models
can be immediately tested. For example, the FCNC top
quark decays and top-charm associated productions were
found to be significantly enhanced in the minimal super-
symmetric model [5, 6] and technicolor models [7, 8].
Although so far in the literature there are many papers
devoting to the new physics predictions for the FCNC
top quark productions at the LHC, usually different pro-
cesses are treated in different papers. Since these FCNC
processes are correlated in a given new physics model,
it is necessary to give a comprehensive study of all these
processes in one paper. Recently, such an effort was given
for the popular supersymmetric models [9]. In this work
we perform a comprehensive analysis for the FCNC top
quark productions in TC2 model. We will consider the
production channels
gg → tc¯, cg → t, cg → tg, cg → tZ, cg → tγ (1)
Some of these processes have been studied in the litera-
ture: gg → tc¯ was studied in the second and third papers
in [7], but only the s-channel contributions were consid-
ered; cg → tV (V is a vector boson) were studied in [10],
but all box diagrams were ignored. The other process
cg → t in TC2 model has not been studied in the lit-
erature. In this work we consider all these productions
and compare their rates. Also, we will compare the TC2
results with the predictions of supersymmetric models.
Note that in our studies the parton-level processes will
be used to label the corresponding hadronic productions
and the charge-conjugate channel for each production is
also included.
About TC2 Model: Before our calculations we re-
capitulate the basics of TC2 model. As is well known,
the fancy idea of technicolor tries to provide an elegant
dynamical mechanism for electroweak symmetry break-
ing, but it encounters great difficulty when trying to
generate fermion masses, especially the heavy top quark
mass. The TC2 model [11] combines technicolor inter-
action with topcolor interaction, with the former being
responsible for electroweak symmetry breaking and the
latter for generating large top quark mass. This model
so far survives current experimental constraints and re-
mains one of the candidates of new physics.
The TC2 model predicts a number of pseudo-
Goldstone bosons like the top-pions (π0t and π
±
t ) at the
weak scale [11]. The top quark interactions are altered
with respect to the SM predictions since it is treated
2differently from other fermions in TC2 model. For exam-
ple, the TC2 model predicts some anomalous couplings
for the top quark, such as the tree-level FCNC coupling
tc¯π0t and the charged-current tb¯π
−
t coupling given by
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where the factor
√
v2 − F 2t /v ( v ≃ 174 GeV ) reflects
the effect of the mixing between the top-pions and the
would-be Goldstone bosons [12]. KUL, KDL and KUR
are the rotation matrices that transform respectively the
weak eigenstates of left-handed up-type, down-type and
right-handed up-type quarks to their mass eigenstates,
whose values can be parameterized as [7]
KttUL ≃ KbbDL ≃ 1, KttUR ≃
m′t
mt
= 1− ǫ, (3)
KtcUR ≤
√
1− (KttUR)2 =
√
2ǫ− ǫ2, (4)
with m′t denoting the topcolor contribution to the top
quark mass. In Eq.(2) we neglected the mixing between
up quark and top quark. Note that in TC2 model a CP-
even scalar called top-Higgs (h0t ) may also exist, whose
couplings are similar to the neutral top-pion[7].
The parameters involved in our calculations are: the
masses of the top-pions and top-Higgs, the parameter
KtcUR, the top-pion decay constant Ft and the parame-
ter ǫ, which parameterizes the portion of the extended-
technicolor contribution to the top quark mass. In our
study we take mt = 180.7 GeV [13] and Ft = 50 GeV.
Since the mass splitting between neutral and charged top-
pion is very small, we assume m0pi = m
±
pi . The top-pions
mass is model-dependent and is usually of a few hundred
GeV [11]. About the top-Higgs mass, ref. [7] gave a lower
bound of about 2mt, but it is an approximate analysis
and the mass below tt¯ threshold is also possible [14]. In
our analysis we assume
mpi0
t
= mpi±
t
= mh0
t
≡MTC . (5)
Calculations: For the parton-level processes in
eq.(1) we only plot the Feynman diagrams in Figs. 1 and
2 for gg → tc¯ and cg → tZ, respectively. Other processes
have similar Feynman diagrams which can be easily ob-
tained from Figs. 1 and 2. For example, cg → tg can be
straightforwardly obtained from Fig. 1, and cg → tγ can
be obtained from Fig.2 by removing some diagrams with
non-exist vertices. The calculations for these production
processes are straightforward. Here we take the calcula-
tion of gg → tc¯ as an example. Its amplitude takes the
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FIG. 1: Feynman diagrams for gg → tc¯ in TC2 model. The
boson in each loop denotes a neutral top-pion, top-Higgs or
a charged top-pion, while the fermion in each loop can be a
top or bottom quark depending on the involved boson being
neutral or charged.
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FIG. 2: Feynman diagrams for cg → tZ in TC2 model. The
boson in each loop denotes a neutral top-pion, top-Higgs or
a charged top-pion, while the fermion in each loop can be a
top or bottom quark depending on the involved boson being
neutral or charged.
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where the sum is over all the Feynman diagrams in Fig. 1,
Ti are color factors, PR = (1+γ5)/2, k1,2 denote the mo-
3mentum of two incoming gluons and pt,c the momentum
of outgoing top and anti-charm quarks, and Γµνi is given
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Here the coefficients cij are obtained by the straightfor-
ward calculation of each Feynman diagram in Fig. 1,
which are composed of scalar loop functions [15] and can
be calculated by using LoopTools [16]. The calculations
of the loop diagrams are tedious and the analytical ex-
pressions for the coefficients cij are lengthy, so we do not
present the explicit expressions of cis here.
The hadronic cross section at the LHC is obtained by
convoluting the parton cross section with the parton dis-
tribution functions. In our calculations we use CTEQ6L
[17] to generate the parton distributions with the renor-
malization scale µR and the factorization scale µF chosen
to be µR = µF = mt. To make our predictions more re-
alistic, we applied some kinematic cuts. For example,
we require that the transverse momentum of each pro-
duced particle larger than 15 GeV and its pseudo rapid-
ity less than 2.5 in the laboratory frame. For cg → t
followed by t → Wb, we do not require the top quark
exactly on mass shell and instead we require the invari-
ant mass of bottom quark and W -boson in a region of
mt−3Γt ≤MbW ≤ mt+3Γt (Γt is the top quark width).
This requirement was used in [18] to investigate the ob-
servability of this channel at hadron colliders in the ef-
fective Lagrangian framework.
Numerical results: Since the cross section for each
channel is simply proportional toKtcUR as shown in eq.(6),
here we do not show the dependence onKtcUR. We will fix
KtcUR = 0.4 and show the dependence on MTC . In Fig.
3 we show the hadronic cross section of the production
proceeding by the parton-level process gg → tc¯ versus
MTC , where the s-channel and non-s-channel contribu-
tions are shown separately. ¿From Fig. 3 we see that
the contributions are dominated by the s-channel pro-
cess for a heavy top-pion and there exist three regions
of MTC . In the range mt < MTC < 2mt, the cross sec-
tion is maximal and can reach about 30 pb. The reason
is that in this region tc¯ is the dominant decay mode of
π0t and h
0
t which can be produced on-shell through the
s-channel. When MTC passes the threshold of 2mt and
keeps increasing, the cross section drops quickly since the
tt¯ is becoming the dominant decay mode of π0t and h
0
t .
In the light mass region MTC < mt, which is disfavored
by Rb [19], the non-s-channel contributions are dominant
and the s-channel contributions are suppressed since the
top-pion and the top-Higgs in the s-channel cannot be
produced on-shell.
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FIG. 3: The hadronic cross section of the production pro-
ceeding through gg → tc¯ versus MTC .
The total hadronic cross sections for all these processes
are plotted in Fig.4 for comparison. We see that the pro-
duction proceeding through gg → tc¯ has the largest rate
for a heavy top-pion. Of course, the productions in the
two channels of gg → tc¯ and cg → tg cannot be distin-
guished from each other since the charm quark jet cannot
be distinguished from the gluon jet. Therefore, the cross
sections of these two channels should be summed, which
gives a signal of an energetic lepton (electron or muon)
plus two jets (one of them is b-jet) plus missing energy.
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FIG. 4: The hadronic cross sections of the productions pro-
ceeding through the parton-level processes labelled on each
curve.
Now we compare the TC2 predictions with the pre-
dictions in supersymmetric model in Table 1. The TC2
predictions are taken from Fig.4 forMTC = 300 GeV and
KtcUR = 0.4, while the predictions of the minimal super-
symmetric model are the maximal values taken from [9].
The parameters δLL and δLR parameterize the mixing
between top-squarks and charm-squarks and their defini-
4tions can be found in [9]. We see that for each channel
the TC2 predicts a much larger production rate than the
minimal supersymmetric model.
Table 1: The hadronic cross sections of top-quark FCNC pro-
ductions in TC2 and the minimal supersymmetric model. The
TC2 predictions are taken from Fig.4 forMTC = 300 GeV and
KtcUR = 0.4, while the predictions of the minimal supersym-
metric model are the maximal values taken from [9]. The
corresponding charge-conjugate channels are also included.
The LHC sensitivities in the last column are for 100 fb−1
integrated luminosity.
SUSY TC2 LHC sensitivity
δLL 6= 0 δLR 6= 0 3σ
gg → tc¯ 240 fb 700 fb 30 pb 1500 fb [20, 21]
cg → t 225 fb 950 fb 1.5 pb 800 fb [18]
cg → tg 85 fb 520 fb 3 pb 1500 fb [20, 21]
cg → tγ 0.4 fb 1.8 fb 20 fb 5 fb [22]
cg → tZ 1.5 fb 5.7 fb 100 fb 35 fb [22]
In Table 1 we also list the LHC sensitivity with 100
fb−1 integrated luminosity. Such sensitivity for each pro-
duction channel has been intensively investigated in the
literature listed in Table 1. Although these sensitivities
are based on the effective Lagrangian approach and may
be not perfectly applicable to a specified model, we can
take them as a rough criteria to estimate the observabil-
ity of these channels. Comparing these sensitivities with
the TC2 predictions, we see that all the productions can
be above the 3σ sensitivity of the LHC for the chosen TC
parameters. But for the minimal supersymmetric model,
only the prediction for cg → t is slightly larger than
the corresponding LHC sensitivity. Therefore, if these
rare processes are observed at the LHC, the TC2 model,
rather than supersymmetry, will be favored. Of course,
in case of unobservation of these rare productions, the
LHC can set meaningful constraints on TC2 parameters.
Note that in Table 1 we did not list the SM predic-
tions, which have not been calculated in the literature
since they must be far below the observable level due to
the extremely suppressed top quark FCNC interactions
[1]. Also, we did not list the comparison of TC2 and
supersymmetry predictions for various top quark FCNC
decays, which can be found in the last reference of [7].
From there we wee that for top quark FCNC decays the
TC2 predictions are also much larger than supersymme-
try predictions. So the potentially large top quark FCNC
interaction is one characteristic of TC2 model and will
serve as a crucial test for this model at future collider
experiments.
Conclusions: We evaluated the top-quark FCNC
productions in the top-color assisted technicolor model
at the LHC. These productions proceed respectively by
the parton-level processes gg → tc¯, cg → t, cg → tg,
cg → tZ and cg → tγ. We found that the predictions of
the production rates in this model are much larger than
in the supersymmetric model and all the productions can
be enhanced above the 3σ sensitivity of the LHC. Since
in the minimal supersymmetric model only cg → t is
slightly larger than the corresponding LHC sensitivity,
the observation of these processes will imply that the TC2
model is more favored than the supersymmetric model.
In case of unobservation of these rare productions, the
LHC can set meaningful constraints on TC2 parameters.
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